The results of studies on the influence of AKM plant growth regulator (PGR) on growth, development and yield formation of different sunflower hybrids (Zubr, Odes'kyi 249, Forvard, Yason) 
Introduction
Sunflower is the leading oilseed crop in Ukraine. Due to low cost of working capital and high liquidity of the product, seed production, even on the level of yield 800 kg/ha is considered cost-effective. Its production significantly affects the economic situation in the southern region, where it holds the first place in terms of profitability. According to statistics, in many agribusinesses of southern Ukraine sunflower accounts for 55 -75 % of the profit from the crop production [1, 2] .Thus, in recent years sowing area of sunflower in Ukraine increased by several times and exceeds 6 million hectares now. Gross fees due to the expansion of sowing areas and cultivation of new high-performance hybrids provide the needs of oil extraction facilities. Yield potential of hybrids, system of farming, cultivation technology, material, technical provision of the industry and economic mechanisms of formation of the market price of the finished product primarily affect the amount of sunflower production. The first step in sunflower cultivation technology should be the correct choice of a hybrid that best suits the available weather and climate, agro-technical conditions and technical support of a particular enterprise.
State service of Ukraine for the protection of plant variety rights has published a list of varieties and hybrids of sunflower recommended for cultivation in 2015. It has 665 varieties and hybrids, while in 2012 the figure was 417 [3] . Therefore the choice of hybrids that are the most productive in this zone, needs further research.Sunflower hybrids productivity indices are crucial in the formation of yield and depend on their biological characteristics and growing conditions, composed during the growing season. Research in this area confirm that the parameters of individual productivity indicators can be influenced by technological measures, in particular such as terms of sowing, methods of weed control, application of plant growth regulators, etc. [4, 5, 6] . It should be noted that the formation of reproductive organs of sunflower hybrids such as the size of the inflorescence, weight of 1000 seeds, desquamation level will determine seed yield and quality [7, 8] . These features are individual to new hybrids and in order to maximize the potential productivity one must study them in specific soil and climatic conditions. Among the natural factors that hinder the increase of sunflower seed production by raising yield in Steppe is insufficient moisture supply of plants as a result of climate aridity. In such circumstances, the crucial importance is selection of drought resistant hybrids and development of moisture-saving farming practices.In recent years, many new sunflower varieties and hybrids that are different from those grown earlier by precociousness, morphological and biological features, high resistance to shading, diseases, lodging, higher yield and product quality, were introduced into production. However, their reaction to methods of adaptive crop production is virtually unknown. Therefore, it is relevant and important for practice to improve one of the elements of cultivation technology (seed treatment plant growth regulators) in the conditions of southern steppe of Ukraine, which was the goal of our work.
Methods
Soil preparation: soil sample, which was taken from the experimental plot was air dried. Then all the roots are carefully removed, the ground was rubbed in agate mortar and sieved it through a sieve with 0.25 mm holes.The humus content in the soil was determined using I.V. Turin method [9] , which is based on the oxidation of organic matter of the soil by 0. 4 Unused for oxidation residue of chromic mixture was titrated by Mohr's salt (double salt) of ammonium sulfate and iron oxide sulphate. By the number of consumed Mohr's salt, residue of chromium compounds was determined, and by the difference between the original amount (idling determination result), and the remainder amount of chromium compounds, which went to the oxidation of humus was determined.
Definition of hydrolyzed nitrogen by Cornfield [10] . The principle of the method is that the soil is hydrolyzed by treating it with alkali. As a result, nitrogen of exchange ammonium, amide, aminosugars, and other compounds is released from the soil in the form of NH 3 , which is caught by boric acid.
Determination of mobile forms of phosphorus and potassium in the soil using Chirikov method [11] . The method is based on "extraction" of phosphorus and potassium from the soil by 0.5 normal acetic acid at a ratio soil : solution (1 : 25) followed by phosphorus determination as molybdenum blue on photoelectric colorimeter, potassium -on flame photometer.
The method of comprehensive lipid extraction (Soxhlet method) is based on highest possible lipid extraction from the analyzed material by repeated treatment with solvent until the lipid content in the material becomes insignificant. Solvent is then distilled off from the resulting extract and the residue containing lipids is dried in conditions that preclude its oxidation, and is weighed [12] .
Equipment
In order to receive quantitative indicators during experiments on the definition of soil quality and seeds of sunflower the following equipment was used: analytical scales ANG220 (AXIS, Poland), centrifuge Multifuge (Thermo / Heraeus, Germany), two-channel flame photometer CL22 (Russia), scanning spectrophotometer UV-2800-UNICO (Russia).
Soil and climatic conditions of research conduction
The study was conducted in 2013 -2015 in Veselovskom district of Zaporizhzhya region and in the laboratory of monitoring of soil and crop products quality of research institute "Agrotechnologies and Ecology" of Tavria state agrotechnological university.Soil of the research sites is southern chernozem with average weighted humus content of 3.4 %, easily hydrolyzed nitrogen (by Cornfield) -91 mg/kg, mobile phosphorus (by Chirikov) -119 mg/kg and exchangeable potassium (by Chirikov) -127 mg/kg of the soil. The results were compared with established by DSTU standards of indexes of soil fertility for agricultural lands [13] .
Soil moisture conditions in the research years differed, both by the rainfall amount, and its uniformity (Table 1) 
Scheme of field experiment
In order to address stated objectives and goal was laid three-factor field experiment was laid, in which factor A are different sunflower hybrids, which provided seed treatment with AKM plant growth regulator [15] -factor B and determination of the effectiveness of its action under hydrothermal conditions of the year of the research -factor C ( Table 2) . Seed treatment was carried out 1 -2 days before sowing by incrustation method at the rate of 10 l of working solution per 1 ton of seeds. 
Productivity of sunflower hybrids (Helianthus annuus L.) under the effect of AKM plant growth

Studied preparation characteristics
AKM is a film-forming semi-synthetic plant growth regulator of antioxidant action allowed for seed treatment and spraying of grain, oilseed, legume, vegetable crops, and hops. The aqueous solution consists of dimethyl sulfoxide, ionol, PEG-1500 and PEG-400. The consumption rate depends on the crop and level of agricultural background.
The technology of sunflower cultivation in the experiment
The research was conducted on early ripening hybrids of domestic selection: Zubr, Odes'kyi 249, Forvard and Yason [3] . Sunflower seeds were sown early in the third ten-day period of April, the rate of sowing was 55,000 seeds/ha with 70 cm row spacing. Predecessor -winter wheat. Care of crops, accounting and monitoring of growth and development of plants, yield structure formation of sunflower were carried out according to the "Methodology of field experiments for the study of agronomical sunflower cultivation measures" [16] . Seeds from the inflorescence were taken after drying in the air to determine the mass of 1000 seeds [17, 18] .Mathematical analysis of the results was carried out by Student's test [19] and licensed Agrostat computer program.
III. Results and Discussion
Use of pre-sowing seed treatment activates processes of self-regulation and improves germination and resistance to adverse environmental factors [20] . We have determined that incrustation of sunflower seeds by AKM plant growth regulator stimulates germination, certifying by increasing germination vigor by 1.8-5.1 percentage points (p.p.) relative to the control [8] .
Hydrothermal conditions of the year have a significant effect on seed germination (BBCH -00-09). Thus, due to lack of moisture during sowing in 2013, field germination in all research variants was lower than in 2014 -2015 (Table 3) . When applying AKM plant growth regulator for pre-sowing treatment of seeds of sunflower hybrids, field germination increased in all variants. However, in 2013 the difference between control and research variants ranged between 2.2 -8.9 percentage points, while in 2014 -2015 -0.7 -3.6 percentage points for all the studied hybrids. The increase in the difference between the sowing properties of seeds of control and research variants in a stress year (2013) shows anti-stress (antioxidant) properties of AKM growth regulator. This is confirmed by research of scientists such as purse V. Kalitka, Z. Zolotukhina, L. Pokoptseva [21, 22] . AKM growth regulator had significant effect on growth of sunflower plants, particularly at the height of the stem in all investigated years. The greatest effect was observed for the plants of Odes'kyi 249 hybrid, where the fluctuation was within 9.5 -24.0 % by year. The smallest effect (3 %) of AKM growth regulator was observed on plants of Zubr and Forvard hybrids. The zone of southern steppe of Ukraine is characterized by frequent gusty winds. So, well-formed stem of sunflower plant is the main protector against lodging. We found that AKM PGR had significant effect on stem diameter in all years studied with an average of 6.4 %. Maximum growth regulator effect on stem diameter was observed in plants of Forvard hybrid in 2013 (13.8 %) .
Productivity of sunflower hybrids (Helianthus annuus L.) under the effect of AKM plant growth
Under AKM effect, number of leaves per plant increased by 2 -12 % compared to the control. Effect of hydrothermal conditions of the year on the effectiveness of the PGR on the figure was the same for all the studied hybrids.
In our studies the leaf surface area was determined at BBCH -61-65 (flowering) stage of plant development. Research variant exceeded the control for all investigated hybrids in average by 7 % by this index. Reduction of leaf surface a trial version on 2.8 % was observed in 2014 for plants of Odes'kyi 249 hybrid, and in more stress year of 2013, research version exceeded control by 6.3 %. Between leaf surface area and rainfall (BBCH -00-65) a correlation of high strength was found for all hybrids (r = 0.868 -0.996), which once again confirms the hypothesis of anti-stress (antioxidant) properties of our preparation.
Plant density in researched years was low (Tab. 4). Due to unfavorable hydrothermal conditions irregularity was observed in the arrangement of sunflower plants in the crop. The biggest difference between the control and experimental variants in plant density was marked in arid 2013. The maximum difference was observed in the crop of Forvard sunflower hybrid and was 11.4 %. In more humid (2014 -2015) years the difference between research and control variants was not significant.
In 2014, soil and air drought in the phase of inflorescence formation (BBCH -51-53) was observed. This had a negative impact on their formation, namely diameter. The greatest stability in performance between the control and experimental variants was shown by the plants of Odes'kyi 249 hybrid, where the fluctuation was within 0.4 -2.9 %. Overall AKM had a positive effect on the diameter of the inflorescence and increased this figure by an average of 7.3 %. PGR had an essential influence on seed weight in the inflorescence which under the influence of AKM increased by 11.2 -26.8 % compared to control for Zubr, Odes'kyi 249, and Forvard hybrids. For plants of Yason hybrid this effect was unreliable. The largest mass of seeds from 1 inflorescence was formed by plants of Odes'kyi 249 hybrid in all years researched.
Positive impact of AKM PGR on the formation of vegetative and generative organs of sunflower plants was reflected in such integrated index as biological productivity (tab. 4). The greatest influence of AKM on the yield of sunflower plants found for Zubr and Forvard hybrids, where fluctuation was within 14.3 -31.3 %. Odes'kyi 249 hybrid has shown the greatest stability in yield over the years, where the difference between the control and experimental variants ranged within 14.3 -16.7 %. Plants of this hybrid realized their genetic potential almost by 100 %. In general, all researched factors affect the yield of sunflower (Fig. 1 ). This should be considered when developing anti-stress techniques in technologies of growing sunflowers in the Steppe zone of Ukraine.In researched years between the control and AKM application variants only a tendency to change seed desquamation was found (Table 5 ). In unfavorable for hydrothermal conditions years, a thicker seed shell formed. The highest empty-seed was observed in 2014 (Table. 5 ). AKM did not show a significant impact on this index. Empty-seed depends on the hydrothermal conditions of the year, namely the humidity during the flowering of plants. Thus the maximum difference (23 %) was found in Zubr hybrid in control variant. Correlation of high strength was established: r = 0.786.
Weight of 1000 seeds depends on seed fullness and empty seed (Table 5 ). Under the action of AKM plant growth regulator 1000 seeds weight increased by an average of 2 -14 % depending on the hybrid. The maximum deviation of mass of 1000 seeds was characteristic for seeds of Yason hybrid. PGR AKM contributed to the formation of greater mass of 1000 seeds, but their genetic potential was realized by almost 90 % only for plants of Zubr and Yason hybrids.
Quality of seeds is determined, above all, by the genetic characteristics of the variety or hybrid. Its value is affected by a large number of factors, but dominant are climatic conditions and growing technology. The lowest grain-unit during all research years was observed in the Zubr hybrid. AKM growth regulator increased grain unit of the seeds by 1 -10 %.
The highest oil content in sunflower seeds was observed in 2015. Under the action of growth regulator there was a tendency to increase oil content in seeds.
